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INVESTIGATION OP PRESSURE AND TEMPERATURE CHANGES AT THE 



BASE OP THE STRATOSPHERE 



I. Introduction 

The object of this 3tudy is to investigate 
the pressure and temperature changes in the region of 
the Tropo pause over stations in the Unite! States and 
to attompt to seek relationships which night clarify 
or explain the reason for those phenomena that we know 
to exist in the upper Troposphere, re are particularly 
interested in those phenomena which give a variation of 
Tropopauso height with a corresponding change of pressure 
at the nine kilometer level, and the tempo rature-hoight 
curves associated with such changes of atmospheric 
conditions. 

Inasmuch as this investigation parallels closely 
those of .1 .Dines, T eteorologist in charge of Investi- 
gation of the Upper Air for the London icteorological 
Office, and E. Palnen, Professor of the Jfoteorological 
Institute of the University of Helsingfors, in relation 
to the subject matter at hand, a brief resume will be 
given in order to explain the methods used and the re- 
sults obtained by these two eminent meteorologists. 
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special thanks or© duo Professor C.G.Roooby 
of the asoachusettc Institute of Technology for his 
helpful advico In the preparation of this piper. 



II. Investigations and Results of re. H. Dine s 



The material upon which Dine 3 based his 



investigations and conclusions consisted of upper 
air soundings over the British Isles and tho Continent 
of Europe. H© took departures from the naan of Ms 
sets of soundings and computed total and partial corre- 
lation coefficients and regression coefficients between 
sundry variables of the upper air. His variables were: 
1. Pressure in millimeters at sea level. 2. rean 
temperature of air column from the 1 to the 9 kilometer 
level. 3. The pressure at the 9 k Hornet erlevel. 

4. The height of the Tropopause. 5. The temperature 
at the Tropopause. He defined the Tropopause height as 
that point where the decrease of temperature becomes 1 
degree Centigrade or less per kilometer. Tho formula 
for obtaining his correlation coefficient was 



variables being correlated, ” " the standard deviation, 

and f, n” tho number of ascents. 




where 




and “a* 5 and n b" represent the 



Dines ha3 listed five sots of correlation 



coefficients bbtainei from a similar number of groups arid 
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the British Isles. The correlation coefficients were 
obtained for all groupings by taking departures from 
the mean. The moan of the correlation coefficients 
for the entire five groups wore computed, and are as 



follows a 

Surface pressure versus moan temperature 0.46 
" ” n pressure 9 km. level 0.66 

w n ” Tropopause height 0.69 

R h rt n temp. -0.59 

oan temp, versus Pressure 9 km. level 0.92 

■ ” ” ” Tropopause height 0.78 



if t! tt 



temp. 



-0.39 



Press. 9 km. levol versus Tropopause height 0,83 
n ” " n temp. -0.49 



Tropopause height vs. Tropopause temperature-0, 65 



Ee computed the standard deviations for Ms 
various sot3 of soundings and arrived at the following 
values for the mean of these standard deviations: 



Surface pressure 


9.4 


goan temperature 


7.0 


'res sure at the 9 km. 


level 

9.2 


Tropopause height 


14.8 


Tropopause Temperature 


6.6 



The units for these values are degrees Centigrade 
for the temperature, millimeters of mercury for the pressures. 



* 




and 100 raters for til© tropo pause height. 

On the basis of the values of the correlation 
coefficients coupled with results obtained from partial 
correlation and regression coefficients. Dines arrived 
at the following conclusions : 

1. The pressure at the 9 klloxnoter levol has a 
positive effect on the surface pressure and the mean 
tonperature . It is very closely and positively 
correlated with tropo pause height, but he is not certain 
whether it is as cause or effect. It has a negative 
effect upon Tropo pause temperature. 

2. The temperature of the air column from 1 to 9 
kilometers has a negative effect upon surface pressure, 
a large positive effect upon the pressure at tho 9 
kilometer level, no direct effect upon Tropo pause height 
and a moderate positive effect upon Tropopauso tempera- 
ture . 

3. Tropopause height has a positive effect upon 
surface proastire, no direct effect upon the moan temper- 
ature, it is closely correlated with the pressure at 
the 9 kilometer level, and has a very distinct negative 
effect upon Tropopauso temperature. 

4. Tropopauso temperature has little effect upon 
any of tho other variables. 



Ill, T nvcstlgations of f. P&lmen 



Th© object of tills study was to attempt to 
couple the important temperature and pressure variations 
in tho lower stratosphere with the tropospheric distri- 
bution of these two variables. In this connection 
Palmer, studied tho effect of both thorrnl-advcction and 
dynamic convection in relation to th© coupling sought, 
Palmen elected, as a means of investigating 
the advectivo process, to study tho results of soundings 
nado on both sides of the polar front. On ono side he 
had Polar air, on the other, tropical mritime air. 

These soundings allowed a temperature difference of about 
15 degrees C. between the two air masess, this tempera- 
ture difference attained its raaxirmm value botwoon the 
4 and 7 kilometer levels. Tho tropopauso in the polar 
air mss was around tho 8 kilometer level, that in the 
tropical air around 12 kilonoters. Tho tempera tixro dif- 
ference again became large in the vicinity of tho 12 
kilometer level j however, this difference was in a 
reverse order to tho former, i.o., where the tempo ra- 
fcuro of th© tropical air had boon higher in the tropo- 
sphere, it was lower than that of the polar air, in 



the stratosphere. aving obtained those results Palmen 
than procoods to seek a coupling be two on the Polar front 
waves at the surface and the tropopauso height changes. 

In tho explanation of tho couipling effect ho 
parallels his ideas with those of Bjerknes. A wave is 
assumed to have formed on tho polar front. The tropical 
air glides upward on the ost side of all wavo crosta 
and downward on thoir :.ast 3ido. This forced vortical 
motion must die away with elevation, and it is known 
that it almost disappears at the tropopauso. Accordingly 
there is vertical shrinking ovor the h'est old© of the 
polar front wave crests and corresponding horizontal 
divergence of the tropical air; on the East side, on 
the contrary, there is vortical expansion and horizontal 
convergence. The direct result of horizontal divergence 
is acceleration of antl-cycicnic circulation and the con- 
sequent? o of convergence is acceleration of cyclonic 
circulation. The original purely west-east flow of 
tropical air will tho ref or© assume an anti-cyclonic curve 
ture ovor tho western slopes of tho wave crests and a 
cyclonic curvature ovor the eastern slopes of the wavo 
crests. Tho stream lines acquiro a sinusoidal like 
sliape in the horizontal - a shape which is also taken up 
by the isobars. The eventual resultant cffoct is to have 
a raising of the tropopauso height over tho part of tho 
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flow with tho northerly component, a sinking ovor that 
part of the flow with the southerly component. In the 
stratosphere is found, in turn, a vertical stretching 
and a vertical shrinking, in conjunction with the 
shrinking and stretching described above. The tropopause 
wave was found to be out of phase with the polar front 
wave, in that its corresponding amplitude points are to 
tho westward of those on the surface. 

aving r cache this stage by means of thermal 
advectlon Palaon then demonstrates how the action of 
dynamic convection becomes the controlling factor. 

The vortical motion is augmented by the in- 
crease of vortlcity as the cyclone becomes more intense 
and occludes. Tho vertical shrinking is accompanied by 
a convergence of the potential temperature surfaces, the 
region of vertical stretching is accompanied by a diver- 
gence of the potential temperature surfaces with a 
convergence of those surfaces above the regions of stret- 
ching. In the regions of convergence wc hnvo a decrease 
of the temperature gradient. The action of tho above is 
illustrated in the following sketch. (See Pago 9). The 
positions of the points of mxir&ca convergence represent 
tho position of the tropopauoe in the so regions . 

Fallen further states that if the conver- 
gence of the potential temperature surfacos is super- 
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imposed on the c rioting tropofwiuse, It rill cause the 
normal inversion found in tills region to shar„ on. lie 
obtains three general types of temperature - height 
curve 3 o '"tending up Into the stratosphere - or "tropopauso 
types" - as re shown on the following sketch. (Sec page 11), 
for normal pressure, in this case 1007 millibars, is 
found an isothermal situation starting at the tropo pause; 
for low pressure at the surface, 976 nilllbaro, is found 
a sharp inversion of a depth of about 1 kilometer and 
then a gradual decrease of temperature with height; 
for high pressures at the surface, 1034 kilometers. Is 
found a sharp Inversion which extends several kilometers 
and then foeeomo3 practically Isothermal. 

If the action of the deformation field ia such 
that the convergence of the potential temperature 
surfaces takes place other than at the tropopause Itself, 
then, "slnen asserts, a now trofopauso is famed at this 
region of convergence and the old fcropopause Is annihilated. 
T\o formation of this now tropopauoe, in section* at vary- 
ing heights, gives & leaf-like structuro, instead of a 
continuous smooth boundary surface. Turbulent mixing 
takes place bet noon the open discontinuities of the 
naw tropopause structure. 

From the investigations and results as out- 
lined above, Palmen arrives at the following conclusions: 
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1. In i. © primry development of a cyclone, voca- 
tion dominates, in that the temperature cl^nges in the 
sain can be attributed to neridlonal advection - in thia 
stage, polar front mea and tropopauso waves arc coupled 
in a certain phase displacement . The general tropopauso 
and stratosphere ac.vocfcion represents a unified atmos- 
pheric flow pattern. 

2. Investigation of temperature contrasts between 
tropical air and polar air gives the best means of study 
of rnei'idionnl advection, 

3. At times the frontal surfaco extends to the 
upper boundary of the tropopauso. 

4. As occlusion cots in a cyclc.no the dynamically 
vortical displacement dominates, in that, from tills 
sta^e on, t lie temperature and pressure changes depend, 
in the min, on the vorfcif lent ion of the cycluno. A 
closer analysis of these toapcrafcuro changes and of the 
vertical oscillations of the tropopauso that one has to 
d^al with, wit., the attendant deformation fields, show 
that not only tropopauso typos my ehango, but in certain 
cases the tropopauso itself. From this it follows that 
the actually occurring vertical action in a so-called 
tropopauso front my not always be determined from the 
oscillation of the apparent tropopauso. 

C. By investigating typical individual cases as 
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1. In the primary development of a cyclone, advoc- 
tion dominates, In that the fconporaturo changes In the 
rain can bo attributed to meridional adveefcion - in this 
stage, polar front waves and. fcrcpcpausc vwxves arc coupled 
ir a certain phase displacement . xbe general tropopauoo 
and stratosphere adveefcion represents a unified atmos- 
pheric flow pattern. 

2 . Investigation of temperature contrasts between 
tropical air and polar air gives the best means of study 
of meridional advoc felon. 

3. At times the frontal surface extends to the 
upper boundary of the tropopauso. 

4. As occlusion sots in a cyclone the dynamically 
vortical displacement dominates, in that, from tills 
stage on, the temperature and pressure changes depend, 
in the main, on feme vortific&tion of the cyclone. A 
closer analysis of fcLeno temperature changes and of the 
vertical oscillations of the tropopauso that one has to 
deal with, wit*, the attendant deformation fields, show 
that not only tropopauso types may change, but in certain 
cases the tropopauso itself. From this it follows that 
the actually occurring vertical action in a sen-called 
tropopauso front my not always be determined from the 
oscillation of the apparent tropopauso. 

G. By investigating typical individual cases as 
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wall cia through the for .ut Ion of suitable »*e.a values 
the influences cf the fields of deformation of the 
temper a turo distribution in the ~nv.iroinent of the 
tropo pause over cyclones nd anfci-cyolonea becomes quibo 
clear, ever strong cyclones anl occlusions th© trop;- 
pauoe ic gene mlly characterised by a sharp inversion. 
This is also tl. case over anil- cyclones. There is an 
important difference in that the tropo pause i» low ovor 
cyclones and high over anti-cyclones. Also the tropo- 
p&use inversion over cycl nos covers about 1 kilo- 
*t*r '■ ' il'. tli© inversion is covered kilonetors deep 
ov r anti-cyclones, At aoi'aal pressure the loner 
stratosphere over Ihirono is characterised by particu- 
larly Isotherml stratification. 

V. 3y the distribution of potential to^poraturo 
ono can, by omittin? radiation and advoction, in certain 
cases compute th® vertical dlsplaco-nents which actually 
took place in the generation of highe and lor/-. 

8. Tl © question of the scat of atmospheric, pressure 
var.lat5.ons can be answered only on the basis of detailed 
analysis of tV- iihencmena at different levels. It is 
true that in ;enoral the stretoaphei*© phenomena, on 
the face of it, have a deciding influence on the preswur® 
variations bel a, ~j. it tMi fact tUpei Ir. on th® general 

thermal structure of tho atmosphere and has nothing to 
do with the problem of entts® and ffect. 
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IV. Analysis ,f Coiidltiona Over r tat Iona In tho D.S . 

The neatest obstacle to the proper devclupoant 
of this subject 1 3 the lack of sounding balloon accents, 
not so each in quantity, but scarcity of soundings undo 
at regular intervals over a period of tine when large 
temperature erd pressure variations aro to be encountered. 
Also it was essential to use soundings V7hich load boon 
evaluated in a manner such that temperature, pros euro, 
and elevation coxxld be selected for a great number of 
points without having to recompute tho soundiags* The 
most desirable series of soundings wore obtained for 
tbs stations listed bol-wt 



1. 


Koyal Center, 


Ind. 


ay 102G 


2. 


CJrosbock, Texas 


Oct. 1027 


3. 


broken Arrow, 


Okla. 


Doc. 1320 


4. 


Royal Center, 


Ind, 


Sep. 1930 


5. 


Royal Renter, 


Ind. 


reb, 1031 



This information was obtained from the various 
Monthly Weather Reviews, 

All seasons except the summer are represented 
in thin group, in addition there is a variation of lati- 
tude between the extreme stations of about ton degrees. 
Since 3 one of the groups evaluated by Dines consisted of 
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soundings nado tiircmghout tha yoa.v and at various st- - 
tions In Europe, it ±a believed that reliable roc dLts 
car, bo obtaueod fr^ ■ •*> above :-ls.fciona. 

It vaa necessary to select a system of group- 
in tli* soundin a in ;*.Ir» such that the mcjcL-vu number 
could bo obtained, since it was believe! that satisfactory 
acan v? lues coul not bo established accuratel for the 
Monthly periods. The croupings consist® in determining 
tho chan os between two subsequent sousKiiage where the 
tine interval between the two was not lero than ei*Jbt 
t -•> not acre than thirty hours. This irregular 
ti e interval ras necessary because of the feet that 
tlus balloons .-or© not released at constant interval*. > 
a few of t:*c records were lost or destroyed, an” son© 
of tho soundings extended only a fe»* Uilocieters above 
sea level. 

Xn ns ny of e soundings it was - tronely 
difficult to determine the fcropopc.use height, neces- 
sitating fcho foraulotlon of an arbitmry definition 
for this he I , t. T'he uofchod use! by bln*s , «'as ‘elected, 
in uhieh h*. defines the tropopau3C height as tho Myheet 
point wtier* the tersperatux** decrease is lect than one 
d-igrce par ^iloRCter. By a,Jier5ng to a rule of this 
cert there In a ten' * • cy -o ■ liminate all 1 t / inwreion* 
on© of which may ba tbs trepo pause with 'a conaiiorabl© 
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temperature decrease above tlie Inver a ion. Therefore the 
results obtained by using tr&popnus© heights and temper** 
atur®3, cannot be judged so much by their numerical 
values but certainly the signs of the correlation coef- 
ficients should be correct. 



into pairs as explained above and the time variation of 
the various elements obtained. Prom these differences 
the standard deviations were computed by the formula 



The values of the standard deviations are listed belovi: 



2y comparing the standard deviations with the 
individual differences no ratio of the two was greater 
than 2.5 which shows that the material selected was very 
uniform. 

T2i e correlation coefficients were calculated 
from the standard deviation* by means of the formula: 



The soundings were grouped for each station 
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where a, and b represent the 



( b _ a ° b ) . _ 

, r D, 

variables being correlated. The correlation coefficients 
are listed below in addition to those obtained by linos. 



Humber of Items Correlation roan Correlation 

Combinations Correlated Coefficients Cocfficients-Dines 



82 

80 

52 



00 

52 

52 



52 






r 



1,3 



1,4 

l,o 



1*0 -7 

* U 
T* * 

2 4 

rV* 

r* <v # ^ 

^ 3*4 

p3jO 

4,5 



-.30 

.12 

.14 

.11 

.70 

.35 

{ -).. 16 
.25 
(->.04 
(->.67 



.46 

.06 

.GO 

(->.59 

.92 

.78 

(->.39 

,83 

(->-49 

(->.65 



1 = Surface pressure 

2 - 4 con Temperature 1-9 Ion. 

3 = Pressure 9 kn. 

4 = height Tropopausc 

5 = Tempera ture Tropopausc. 

It will bo noted that wherever He or Tc is 
involved as one of the variables, the number of groupings 
decreases. This is due to the fact that many of the 
soundings did not extend up to the tropopause. 
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t t.ii.3 olicvou that tLo extras© smallness of 
no 3 t of tho correlation coofficionto ni it be due to tho 
ret hod of croupin together stations in difforont lati- 
tudes and. for difforont seasons of too year. Several of 
t o Individual nonto 3 /opc ^rouped separately but th© 
corrolation coofficienta obtain© fron those (j raupo were 
of about the came latitude aa thus® found, for tho entire 
group, eo fcbet toe corrolation coofficionto calculatod 
fro. tho entire roup were accepted as being represen- 
tative of the atmosphere over too unite 1 States. 

"lo eorrclati na vhicu aro of chief interest to 
synoptic *otcorolo 0 iots aro thos w^icli nay bo deduced 
fro surface observations. Frora too table it ny be soon 
that surface pros euro Las a fair negative correlation with 
the mean temperature tot practically no corrolation with 
any of the other elements. This brings out very strik- 
ingly tho independence of surface pressure, This is in 
direct opposition to too results obtains by 1 ineo as 
ay be note . fron an ins poet ion of toe table 3 above. Tills 
difference r.y b© explain© . by considering tho disturbances 
observed over tho nito States and Surope. As a enoral 
rule cyclones and anticyclones occurring - over uropo ore 
very deep, woll-devolupod disturbances, whicn in 1 any in- 
stances aro believe to extend well into the stratosphere . 
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ever t;« nit©- tat a ..oat of t o sur aco disturbances 
aro coEparatlvely sxjallow and move fairly rapidly. This 
is apparent fro ■ ti e ati*03pherlc eross~30ction3 ? ado at 
.1. . durin fciio past winter. 

,he only narked agreement betv/oen the correla- 
tion coefficients of dnes and tlaoso obtained for the 
nlte tateo arc trose between *oan ten. craturo and the 
pressure ct toe 0 kilometor level, and between tie tropo- 
pauso height cv . t**e temperature at the tropo pause, it 
is noon tuat with a hi h pres euro at the 9 kilonotor 
level there is a corresponding larye increase in the 
an temporal aro of t. o column of air under this level 
and for a low tc-poraturo at the kilonotor there exists 
a low ;„ean temperature of the air column, tills warning 
and cool In j is of sue a mcnitudo that it cannot o 
e plaine . oj this charg e of pressure so l^afc other ex- 
planations had to be sought which aro incorporated in 
that part of tfe* investigation following the net hods of 
ali_en. It is also soon that *ith a high tropo pause tl ere 
exists col' te .pe nature a and with a Ivi? tropopauce thorc 
exists ear:., te mperatures. r ore detailed discussion of 
this condition will bo jlvon on the following pag^ns. 
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r 'ote tial cuperaturo arf&ce a In the vicinity of tl o 
Tropopemse an.: 1 ropopauso Typca stained fro this is- 
tribufclon "aralloling the at. so s of alaon. 

*o first step 1. t -c study of tho disferlbn- 
tion of potential ter.peratture s'crfacos in the vicinity 
of the tropo;/ use vas to obtain correlation coefficients 
between tis. pressure at the u ^xlonotor level an: tbo 
heights of cpocific potential touporaturo surfaces. In 
select in potential temperature cur aces it was decreed 
expedient to select surface* cl se enough to the tropo- 
pauoe so tint the contour of tbo latter could easily be 
compared to t 1 e contour o' tho former. t tho car a tiro 
it tas neeeacary to use & range of surfaces which would 
clearly in .'•leu to any converge co or divor 0 onco and im- 
portant tebporatv.ro variations. 

' bo material used consist od of tho records 
ior fept®^ ■ r 1930 «tn efcr&ary 1931 for Royal Oerter, 

In iana and for - cehbor U2J at Broken Arrow, Oklcboaa. 
' e values fer these correlation coefficients aro tabu- 
lator on pa^ro 21. 
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ho na.ee 


r of pairs of 


soundings available for 


the Individual months range iron 


27 for the 


lower surface 


to 13 for 


t, e extreme value of potential ten 


peraturc. T t 


is unfortunate that 


snore soundings in sequence could not 


have been 


obtain©-*. 


however, it is believed 


that they are 


adequate 


for the 


inve s t igat ion 


at hand. A 


very con- 


sis tent range of co 


rrelatlon coefficients v/a 


s obtained 


for each individual 


no nth, being 


negative for low poten- 



JL» 



L 



C 




ml Ifit ovL*«« , iU* ■ UaLtfUmt \*mo 



wi 



tial temperature valos and positive for high potential 
temperatures. T e mgnitnde of the correlation coeffi- 
cients are large for the extreme values of potential 
temperature. 

In order to show graphically the points brought 
out by the correlation coefficients, a plot of the pressure 
at the 9 kilometer lovcl was made against the height of 
potential temperature surfaces. 'Over the low pressure 
t ore is a maimed concentration of potential temperature 
o’ r aces. Orer the high the tropo pause is much higher 
uni it lias increased its potential temperature by sono 
20 degrees. 



those that fo .low will he found grouped ’oy s tot ions on 
pages 24,25,26,27,28,29, 



for the tro 1X5 pause , ro^r^ssion equations were deduced 
and regression lines for the various potential temper- 
atures. fZ.eso wore superimposed on their respective 
potential temperature curves on the pressure-height plot. 



ho curves aiscussed in this paragraph and 



T n order to btain the best average position 



ghe regression equation used :as: 





Characteristic temporaturo-hoight curves were 



plotted for t..e distribution of potential temperature 
regression lines for high* average, and low pressures at 
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I . lo *> •q'oc.t ion uio.; lo 

t • tsqpsmtoas it Alf fuwt Itrvsls wbm f if 1 f^i 
'ii’ or’s ^q-’Ation ./ f. .• hydrostatic aquation: 

’»rs * " - Jta VI cl 

" JW J -i -re. urs. 

S’- tsacj: rc-ji9i lit e rve aLo.r tia.t 

. - : ini to X- atari: . . «jpc.s of t o tropoj-msc is. •.£»- 

: ... -r iot ovor hi.i. a 1 v pressure ureas *fc -■ 

. lo - tor 1 701. j^r. - similarity will b« noted for 
t .*> t-j? o C- ' -s 'iv.Xyfii, „c inversions over 1 w pressure 
are several ...Icr ettrs lover i. - t o Isoi.p t tJ.c 

tr . _iro . r. by fairly ot©-.j laps-, rates 

1. , .■> tiv :<apcJsro >#1 • • his 1:. ersion, .Wvc a'-# 
i.' • ors i L .>ro is .r al leer oj. to. -or&.t re 
co;iti!iai£ -c far & U o coimiiji; k -ao o tor f ': e 

tr-> -or^ue-i ovci* t * ; i . .3 not .1 rhod by - 1 • . in- 
version 'L: t jare - r r<2i rate o Increase* of taap :»?£*•• xtc 
in ; v ‘itratosfncr®. 

~t is to ..,0 jofc^: that the tropoa|x:©i*y is about 
t Jc rtx.8 :.s»r -«r ucdor fcbv :*i 1. presoaro t.ca uaivr - o 
lw . - -VC tbc treijoijuouo ti-o t - •.psrs.trore ever l: a - i ,h 

i= oontlleratii^ colder t. -xn tn&t over tL« . is 

2 is t vihi.wion i.: -nacfclj that fouM by aL-vm, •. icl. . 

00 m acC'. -nt-m ur by tlrrougi t‘.io influence of 
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t horwa 1 -a dve c t i v e and dynaiaic proceo3os as ovplainod 
in the resin© of his work. 

i non the above investigation the following 
conclusions have seen drawn: 
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It JL-JS3E 

1. . c«- .tour ■-* •■•to/.tlnl U » i-ix*-* 

I«v>a « in toe vicinlt;. >. -■ tropopauae and in tliC 
et rmtea vier* -ro vwr - L .-liar ..o the contour of t-.o 
tr .-. pause, uhlls in . e troposphere below the S *11©- 
•ter* level t olo :*i .1 ttte or. or io opposite to 
t -t of the letter, 

£. T-da - ist.rire of the tropopciioe typos lc 
jobs tent i&te i -r t. . ' is fcri ration of the potc~. ial 
t«=p«ru : .-re -- r acta. or the lr*r pr assure in ire 
iMva - well .efino-j ficlc of convex*, ante, in.: lot live of 
a '.- 'ion of ,-rofet at*. Llitj - ov-r t. © hi,: :«*j- - • 

ur*:~ -ra fii ore fxyusl sr^cin of the s-.u* --.j ' t, 
ho-„ovvi», 2 jii car* -iso in the f’ictanco* bet c-on 

cur ac:c - an indication of stability twer. to a 
I t on do v . 7i • tr.> elation of the iiatr l». tion 
of vrto.itinl cUi-.ac a to a temperature ve tfo b*i,:b-t 
rw shows In aw e detail the actual a* a-nrsfc of 
st ility represent . 

3. ?'• •: 'icplac > rnt of the concentration of :<>- 

fcc tl-1 te 't.turo our. aces to a differtmt lew 1 
ca’«i ; vo c e re -carufcior of the .ropoi^uc- at t et level. 

6 - _• v- a con a tion eu*. c the i;vutei tanoou3 b®i 
* ■> trot.vfjem.ee j^- 1 ot * 'fin - ' • :«i8tla ; j - 



tel lit; onlj . 'li\ ... ift'l. of t o tropop^uso to differ- 
ent levols has its origin in the tharrjal-a’vectivo 
rocoaooti. 

4. -o trop© pause heij^it varies go the prcouuro at 
tn© 9 kilo** tor level. Little correlation exist© be- 
tween the pr^ssa.*© at the sur aco and that of the 9 
kilometer lovol, hence there Io little correlation be- 
tween surface procsxu'O ami trapopauoo height. The 
transitory nature of t.vo aMllow-disturbances which 
traverse tJ-© initod States would account for this vari- 
ation fron nropoan conditions. 

5. The tropopauae t,,po curves show definitely that 
the troposphere tonporature for a high pressure at tho 

: Ilo. otor level io considerably higher than that for 
a low pressure at the sane lovol. In the stratosphere 
tl.o opposite effect is true, l.o., over the hi£h it io 
coldor then over the 1 fhlo distribution oi teupera- 
turc is recounted for primarily by aavection but in- 
tensified in t. e vicinity of fchs tropopaiise by con- 
v ction especially over a 1 w pressure aroa. 

6. An e a sination of the sonal distribution of 
press- ro and to;tp#raturc at different heights indicates 
that tho conditions outlined as existing over tho Ini tod 
States could be accounted for primarily by tliorrtl-a .vcc- 
fcion but fc£*at convection is required to complete tho picture. 



7. :.c tc igarati .re .ol ht curves for hoyal Cantor, 

’ bruary 1 j 31 allow til*, tu-peraturo at t : io basa of tho 
inversion for u.o low prussuro curvo to bo low and 
practically tho aano as t-safc for the sane rclafcivo posi- 
tion on l- e hi pressure curve. This phenononon is 
difficult to explain, however, tho curves in enoral, 
de .one t re to tho existence of strong convection ovor a 
cyclone and a resultant cold tropo pause teseporaturo. 

In connection wit i tills idea, it is Irnown that 
soon polar cant Inontal air leaves its source region and 
crosses an open ocean cur aco, violent convection ensues. 

It is probable that, initially, when air to-perat'ires 
aro xory low, t ils convection extends to about 8 or 
kilo otora, hen this poDar naritii air pasoes ovor 
la.i ‘ the convoctio;. jtononenon la diminished gil L'O 
tendency towards the restoration of radiation equilibrium 
is strengthened. f in tnls caoo, vo had a vorj strong 
fl w of polar pacific air it is probable that the r. suits 
indicated by the tempera tv ro-he i r ht curve represents that 
state wlicro the convection process is still felt ^ivin" 
the extremely lo trope pause tempo ratlin* an a tropopause 
hoi lit clipbtly hijher than normal conditions v uld warrant. 

ucfarcnce to the daily s oundinj-balloor, ascents 
rale at (loyal v.nc.er during the month shoos so vers. 1 c ©o 
where there exists o. tre .cl. stoop lapse rates below the 



level of l : c tropopjvco r*d In the vicinity thereof, nith 
narked inversion# present jv.st above th© fcropopause. A 
thorough and coaprehesis ive sfc dy of this . roblcra noccsoi- 
tatca the investigation of the predominant «ind ircction. 

or the 30und.’r o cite , this essential data was missing 
in the majority of cao.a. 
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